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Chronic nephritis induced by antibodies reacting with glomerular
bound immune complexes. The pathogenesis of chronic mem-
branous glomerulonephritis induced in rats by passive inimuniza-
tion with heterologous antibodies to rat renal tubular epithelial
(RTE) antigens was investigated. This model is designated as "pas-
sive Ileymann nephritis" (PHN) in order to contrast it with classi-
cal Heymann nephritis induced by active immunization with
homologous RTE in adjuvant. A single i.v. injection of heterol-
ogous (rabbit) antibody to RTE evoked chronic proteinuria after a
latent period of one to three days. The onset of proteinuria was
accompanied by the granular deposition of rabbit lgG and rat (11C
globulin along the glomerular capillary wall. Renal isografts devel-
oped PHN only when transplanted within the first three days
following injection of the heterologous anti-RTE antibodies. The
data suggest that the heterologous antibodies form immune com-
plexes with RTE antigens preexisting in the circulation, and these
complexes subsequently deposit in the glomerular capillary walls.
Chronic proteinuria is then perpetuated by a host reaction to the
foreign protein in the deposits (i.e., rabbit lgG), in a fashion
analogous to that seen in the autologous phase of nephrotoxic
serum nephritis. These studies indicate that continued glomerular
deposition of preformed circulating immune complexes may not
always be a requisite for the perpetuation of glomerular injury in
immune complex disease.
Néphrite chronique produite par des anticorps reagissant avec des
complexes immuns glomerulaires. Nous avons étudié Ia pathoge-
nêse de Ia glomérulonéphrite membraneuse chronique produite
cher les rats par une immunisation passive avec des anticorps
dirigés contre l'épithélium tubulaire renal (RTE). Nous avons
appelé ce modèle Ia néphrite passive de Heymann (NPH) en
l'opposant a Ia néphrite classique de Heymann qui est produite par
une immunisation active avec des antigènes RTE. Dans Ic modéle
NPH une seule injection intraveineuse (iv.) d'anticorps anti-RTE
obtenus chez Ic lapin, provoque après une période de latence de Ia
trois jours one protéinurie chronique.
Le debut de Ia protéinurie est accompagné par Ic depot gran-
ulaire d'immunoglobulines de lapins (RaIgG) et de fl1C globulins
de rat dans les parois capillaires des glomérules. Pour induire
cette néphrite dans un rein isologue il faut le transplanter pendant
les premiers trois jours après une injection iv. d'anticorps anti-
RTE hétCrologues. Ces données suggèrent que les anticorps
s'attachent a des antigènes RTE existant dans Ia circulation et les
complexes immuns ainsi formés se déposent dans les glomerules et
produisent one protéinurie. La proteinurie devient chronique par
Ia production chez les rats d'anticorps coutre le RaIgG déposé
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dans les parois glomérulaires. Ce mecanisme paraIt analogue a
celui qu'on observe dans Ia phase autologue de Ia glomérulone-
phrite nephrotoxique. Ces etudes indiquent que Ic depot continuel
des complexes immuns n'est pas tourjours necessaire pour Ia per-
pétuation d'une lesion glomerulaire de type complexe immun.
The experimental induction of a chronic immune
complex nephritis requires the continued availability
of antigen in order to form sufficient amounts of
soluble antigen-antibody complexes in the circulation
[1]. This condition is fulfilled either by daily adminis-
tration of an exogenous antigen [2] or by using a
replicating [3] or autologous antigen [4]. As an ex-
ample of the latter, active immunization with homol-
ogous or .heterologous renal tubular epithelial anti-
gens (RTE) induces a chronic progressive
membranous glomerulonephritis in rats [5]. Under
these circumstances, tolerance to autologous RTE
antigens is terminated resulting in continuous gb-
merular deposition of immune complexes composed
of autologous RTE antigens and autologous anti-
RTE antibody. This autologous immune complex
nephritis (AIC-nephritis) was first described by Hey-
mann and coworkers [6] and the pathogenetic events
elucidated by Glassock et al [7].
In contrast to the actively induced Heymann or
AIC-nephritis, the present study is concerned with
glomerulonephritis due to passive immunization with
heterobogous anti-RTE antibodies. It is therefore des-
ignated as "passive Heymann nephritis" (PHN). It
was first described by Barabas, Nagi, and Lannigan
[8], who suggested an autoimmune pathogenesis.
The histologic lesions, both on a light microscopic
and ultrastructural level, were described by Feenstra
et al [9]. Using normal renal isografts as a detector
organ for circulating antigen-antibody complexes,
this study demonstrates that the initial or heterol-
ogous phase of PHN is due to the formation and
subsequent glomerular deposition of immune com-
plexes composed of heterologous (rabbit) anti-RTE
antibodies and autologous RTE-antigen. The perpet-
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uation of proteinuria, however, is not caused by cir-
culating antigen-antibody complexes, but is due to
circulating antibodies produced by the host, which
react with the deposited heterologous immunoglobu-
un, which now serves as a "planted" antigen (the
autologous phase of PHN).
Methods
Animals. Rats used in this study were inbred, male,
Wistar rats. Antisera was produced in white, female
rabbits (Central Institute for Laboratory Animals,
Zeist, The Netherlands).
Preparation of antigens. Anesthetized rats were per-
fused via the aorta with 100 to 150 ml of saline. The
kidneys were removed and the cortex was dissected
and homogenized in a Potter-Elvejhem homogenizer.
The sediment of this homogenate (RtKS) was rinsed
repeatedly by alternate suspension and centrifugation
at X 1500 g for five minutes until the supernate be-
came clear.
Preparation of crude fractions of renal tubular epi-
ihelium (R TE). Rat renal cortex, prepared as for kid-
ney sediment, instead of being homogenized was
minced and forced through 150-mesh sieve [10]. After
suspension of the sieved kidney-mash in saline, the
glomeruli were spun down by centrifugation at X 120
g for 90 sec, and the glomuerular basement mem-
branes (GBM) were prepared by sonication and dif-
ferential centrifugation. The supernate of the first
centrifugation (Fx 1) was subsequently centrifuged at
X70,000 g for 45 mm [11]. The sediment (Fx 1A),
representing the pooled subcellular organelles of
RTE, was rinsed twice in saline and three times in
distilled water, each time centrifuging X70,000 g for
45 mm. The final sediment was lyophilized. The RTE
specific antigens were solubilized [11] in 1% desoxy-
cholate (DOC). The DOC insoluble fraction was
centrifuged at X 105,000 g for 45 mm. Saturated am-
monium sulfate (SAS) was added to the supernate,
containing the DOC soluble fraction Fx 1A, to a final
concentration of 25%. The suspension was subse-
quently centrifuged 45 mm at X70,000 g, and the
supernate (Fx IA I)OC) was concentrated to 34
mg/mi protein as determined by the Lowry method
using bovine serum albumin as a standard.
Preparation of antisera. Antibodies to RtKS were
obtained by immunization of rabbits with 0.5 ml of a
10% RtKS suspension in saline emulsified with 0.5 ml
of Freund's complete adjuvant (Difco, Detroit, MI).
The initial immunization consisted of three weekly
subcutaneous injections, followed by intramuscular
reimmunization every 6 to 8 weeks. The rabbit sera
were inactivated at 56°C for 30 mm. After absorption
of the serum with equal volumes of unwashed rat
crythrocytes, hemagglutinating antibodies and anti-
bodies to rat serum proteins could no longer be de-
tected. The nephritogenicity of the sera was tested by
iv. injection of 1 ml of serum into 10 to 12 week old
rats. The serum of three rabbits caused a severe sys-
temic anaphylaxis (shock and fatal pulmonary
edema) in most of the rats. The serum of a fourth
rabbit, which caused a severe nephritis in all injected
rats, without giving serious anaphylaxis, was used for
this study. IgG was isolated from this antiserum by
precipitating twice with saturated amnionium sulfate
in a final concentration of 33%. The last precipitate
was redissolved and dialyzed in phosphate buffered
saline (PBS). In most experiments (group 1), 10 mg of
rabbit IgG anti-rat kidney sediment (RaIgG anti-
RtKS) was given i.v. per rat. Two groups of rats
received RaIgG from a later bleeding. They needed a
larger dose to induce a similar degree of proteinuria
as in group 1. The dose in group 2 was 35 mg, and in
group 3 was 21.6 mg per rat. The preparation of the
monospecific rabbit antisera to rat RTE a3, a4, and a5
has been previously reported [11]. Fluorescinated
rabbit antibodies to rat lgG and i31C globulins (C3)
were used as previously described [11].
Tissue localizing properties of anti-RtKS antibodies
in vivo. The tissue localizing properties of RaIgG
anti-RtKS was determined by labeling with 'I [12].
Four rats received 10 mg of radioiodinated RaIgG
anti-RtKS i.v. and were sacrificed three days later.
Duplicate samples of both kidneys, liver, and lung
were taken and homogenized in saline. After two
rinses in saline and centrifugation at X 1100 g, the
radioactivity of the sediment was determined and
calculated as the percent of the given dose per whole
organ. It was found previously by injecting normal
1311-RaIgG simultaneously, that after two rinses the
presence of nonspecific RaIgG was negligible.
Absorption with RtGBM and Fx IA. Fifteen milli-
liters of RaIgG anti-RtKS (14.6 mg/mI) were ab-
sorbed three times during 24 hr at 4°C with a total
of 22.5 mg of lyophilized RtGBM. After every ab-
sorption the RtGBM was removed from the RaIgG
anti-RtKS by centrifuging one hour at X70,000g, and
new RtGBM was subsequently added to the super-
nate. Each of six rats received 2 ml of RaIgG anti-
RtKS absorbed with RtGBM. Two rats were killed
after 24 hr. No RaIgG could be detected along the
GBM of their kidney by immunofluorescence. The
urinary protein excretion of the other four rats was
determined until they were killed after four weeks.
Fifteen milliliters of RaIgG anti-RtKS (14.6
mg/mi) were absorbed overnight at 4°C with 400 mg
lyophilized Fx 1A, and after centrifugation at
X70,000 g for one hour, each of six rats received 2 ml
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i.v. Proteinuria was determined every other day for
four weeks when the rats were killed. As a control,
unabsorbed RaIgG anti-RtKS was centrifuged one
hour at X70,000 g and given in the same dose i.v. to a
group of four rats.
Elution studies. In order to localize rat RTE anti-
gens (specifically, RTEa5, the nephritogenic antigen
involved in actively induced Heymann nephritis),
snap frozen, unfixed sections of PHN kidneys, dis-
playing granular capillary wall deposits of RaIgG,
were partially eluted with 2.5 M potassium thiocyanate
or 0.05 M citrate, pH 3.2, for 120 mm at 37°C. After
washing in PBS, the sections were overlayed with a
rabbit antiserum specific for rat RTEcr. After in-
cubation the slides were washed and reacted with
fluorescinated goat anti-RaIgG. Since the glomeruli
also contained RaIgG, the antigenic sites of this
heterologous protein were blocked by pre-incubating
sections with unconjugated goat anti-RaIgG before
application of the anti-RTEs5 antiserum.
Kidney transplantation. Renal isografts were used
as a detector organ for circulating antigen-antibody
Fig. 1. Schematic representation of protocol used in group I Unilat-
erally nephrectomized rats received normal renal isografts at vari-
ous intervals (25 minutes to 60 days) after induction of PHN in the
recipients.
Fig. 2. Protocol used in group 2. Bilaterally nephrectomized rats
received normal renal isografts one day or 21 to 28 days after
induction of PHN in the recipients.
complexes. The technique of transplantation was de-
veloped by Dr. L. D. F. Lameijer [13]. Inbred, male,
Wistar rats, 10 to 12 weeks old and weighing 265 to
285 g, were used as donors and recipients. After an
i.v. injection of 1.5 mg of heparin into the donor rat,
the left kidney was removed together with a cuff of
the aorta of the donor attached to the renal artery.
The left kidney of the recipient was replaced ortho-
topically with the transplant. Fifty-three percent of
the recipients died (shortly after transplantation) be-
cause of thrombosis or hemorrhage from the anasto-
mosis or disconnection of the ureter. The survival of
the recipients without nephritis (group 5) was com-
parable (66.6%).
Transplantation of normal kidneys into nephritic re-
cipients (groups I and 2). Rats in group 1 were injected
with 10 mg of RaIgG anti-RtKS and subsequently
received at intervals ranging from 25 mm to 62 days a
kidney from a normal isologous donor as is schemat-
ically represented in Figure 1. Only one autologous
kidney was removed during transplantation. In the
following eight weeks, proteinuria was determined
weekly. All rats in group 1 had their second autol-
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Fig. 3. Protocol used in group 3. Kidneys were transplanted 3 to 4
days after induction of PHN in the donors into normal isologous
recipients.
ogous kidney removed eight weeks after trans-
plantation. The protein excretion from the isografts
alone was subsequently determined three times a
week during the last four weeks before the rats were
killed. The isografts were examined by light micros-
copy, immunofluorescence, and electron microscopy.
The nephritic rats in group 2 received normal iso-
grafts, at intervals of 1 to 28 days after induction of
PH nephritis. In this group, however, both autol-
ogous kidneys were removed at the time of trans-
plantation (Fig. 2). Protein excretion and
morphological changes of the grafts were studied as
in group 1.
Transplantation of n ephritic kidneys into normal re-
cipients (group 3). Six rats received 21.7 mg of
RaIgG anti-RtKS i.v. Proteinuria was determined
the day of injection (day 0), day 1, and day 2. On the
3rd and 4th day, each of the kidneys of four of these
rats were transplanted into eight normal recipients
replacing the left autologous kidney (Fig. 3). The re-
maining (right) autologous kidney of the recipient
was removed ten days after transplantation. The re-
maining two nephritic rats in group 3 were studied
for the natural course of the PH nephritis in the
donors. All rats were sacrificed at the end of the fifth
week.
Controls (groups 4 and 5). As controls kidneys
from normal donors were transplanted into recipients
which received 10 mg of IgG from nonimmunized
rabbits (group 4) or no IgG at all (group 5).
Serologic studies. Rat sera were tested for the
presence of precipitating antibodies to RaIgG and
auto-antibodies to RtRTE by double diffusion in 1%
agarose in veronal buffer, pH 8.6, ionic strength 0.1,
with 0.01 M ethylenediaminetetracetic acid (EDTA)
and 0.1% sodium azide. Rat sera were used undiluted.
RaIgG was used in a concentration of 10 mg/mI and
Fx IA DOC, containing the RTE antigens, in a con-
centration of 34, 6.8, and 3.4 mg of protein/ml.
Rabbit anti-RtKS sera were tested for anti-RTE
activity by double diffusion in agar using purified
rat RTE prepared from RtFx 1A DOC by DEAE
cellulose chromatography. The DEAE column was
equilibrated with 0.0 175 M phosphate buffer, pH 6.5,
the sample equilibrated in the same buffer was ap-
plied to the column, and elution was carried out with
the starting buffer using a linear NaC1 gradient to a
final concentration of 1.0 M.
Immunofluorescence. The immunologic specificity
of RaIgG anti-RtKS in vitro was studied on normal
rat kidneys, using the indirect technique [141. The
kidneys of rats with PHN were studied by the direct
technique using FITC conjugated goat anti-rabbit
IgG, rabbit anti-rat IgG, and rabbit anti-rat 31C
globulin at a concentration of 5 mg/mI and fluores-
cien/protein ratios between 2 to 3.5.
Quantitative protein excretion. Urine was collected
during nine-hour periods starting one hour after in-
jection (day 0); this was repeated on the 1st, 3rd, 7th,
10th, and 14th day, and subsequently once a week. The
protein content was determined by the Biuret method
using human serum protein as a standard. The pro-
teinuria is expressed in mg/9-hr. An excretion of
more than 10 mg/9-hr is considered abnormal.
Results
Studies in vivo. The chronological relationship be-
tween the onset of proteinuria and the deposition of
RaIgG, rat complement, and rat IgG is shown in
Table 1. One day after injection, a linear deposition
of RaIgG, presumably representing in vivo fixation of
anti-RtGBM antibodies, could be demonstrated. In-
terestingly enough, there was no fixation of rat com-
plement in the glomeruli, and proteinuria was not yet
present. On the fourth day, coinciding with the onset
of proteinuria, a fine granular deposition of rat 31C
globulin (C3) appeared along the glomerular cap-
illary walls (Fig. 4A), while the deposition pattern of
Rabbit Ig anti-Rt KS
Induction of
PH nephritis in donor
3 to 4 days
Transplantation
r TN Unilateral< 'N 'N
- b—- nephrectorny
Nephritic donor,) Normal recipient)
1Odays
— < Nephrectomy
'N 2d kidney
of recipient/
Proteinuria from isograft
4 weeks determined weekly
\ Nephrectomy) isograft
Fig. 4. A. Fine granular deposition of rat /31C-globulin, three days
after the induction of PHN with 10 mg of RaIgG anti-RIKS (FITC
rabbit anti-rat (3C' globulin, X300).
B. irregular deposition of RaIgG along the glomerular capillary walls
together with fixation of RaigG along the brush border of the prox-
imal tubules and granular deposition of RaigG along the tubular
basement membrane (FJTC goat anti-rabbit igG, X100}.
C. Granular deposition of RaigG along the glomerular capillaries
after absorption of RaIgG anti-RtKS to RtGBM, X1000.
D. Pine granular deposition of RaIgG in glomerulus of isograft,
transplanted one day after induction of PH Iv' in bilaterally nephrecto-
mized recipient and removed Jour weeks later, (FITC goat anti-
rabbit igG X300).
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Table 1. Proteinuria and immunofluorescent findings in glomeruli of passive Heymann nephritisa
Day
Proteinuriab
mg/9-hr
lmmunofluorescence Circulating antibody
to
RalgGdRalgG Rt31C RtlgG
1 5 2 +, linear — -— —
2 Il 10 +,linear — — —
4 25 18 ++, irregular +, granular — —
5 45 + 43 ++, granular +, granular — —
7 143 + 51 ++, granular +, granular +, granular +
17 165 28 ++, granular +, granular ++, granular +4-
a 10 mg RaIgG anti—RtKS per rat i.v. on day 0.
b Determined in a group of six rats and expressed as mean SD.
A group of three rats was killed on days stated for the immunofluorescent studies.
d Detected by immunoprecipitation.
RaIgG became increasingly irregular (Fig. 4B). At-
tempts to demonstrate rat RTEa5 in the glomerular
deposits after elution were unsuccessful. At the same
time fixation of RaIgG to the brush border of the
proximal tubules could be observed (Fig. 4B), prob-
ably due to the glomerular filtration of the injected
anti-RTE antibodies. Fixation of host IgG to the
brush border, as an expression of an auto-immune
response, was never demonstrable. At the seventh
day, three days after the granular deposition of rat
complement and RaIgG had appeared, host IgG
could be shown in a similar pattern. The proteinuria
persisted for at least seven months.
Tissue localization was also studied quantitatively
by i.v. injection of 1251-labeled RaIgG anti-RtKS into
four rats. Three days later, 1.37% of the injected dose
was found in the low speed sediment of the kidneys,
1.24% in the liver and 0.17% in the lungs.
Studies in vitro. When RaIgG anti-RtKS was ap-
plied to cryostat sections of normal rat kidney and
reacted with fluorescein conjugated goat anti-RaIgG
antibodies, fixation of rabbit antibodies to the brush
border of the proximal tubules could be demon-
strated, together with a faint fixation to the glomeru-
lar basement membrane. When RaIgG anti-RtKS
and monospecific antiserum to rat RTEa5 were com-
pared in double immunodiffusion against rat RTEa5
enriched fractions, obtained by DEAE chromatogra-
phy of Fx lÀ DOC, a line of identity could be ob-
served with the two antisera (Fig. 5). RaIgG anti-
RtKS showed a second precipitation line with the
antigen, due to its anti-RTE a4 activity (not shown).
The effect of dose and absorption. The potential
significance of the anti-GBM antibodies for the de-
velopment of the nephritis was further investigated
by studying the influence of dose on the time of onset
of proteinuria and by adsorption of RaIgG anti-
RtKS with RtGBM and Rt Fx 1A, respectively.
Figure 6 shows the protein excretion in three
groups of rats receiving 10, 15 and 30 mg of RaIgG
anti-RtKS, respectively. Based on the kidney fixing
antibody (KFAb) content of 1.37%, determined by
'251-labeling, the dose of KFAb given per rat were
respectively for each group 136, 205, and 4lllLg. Al-
though higher doses shortened the latent period, an
increase in dose failed to induce an immediate onset
of proteinuria which is a hallmark of nephrotoxic
nephritis.
Table 2 shows the effect of absorption of RaIgG
anti-RtKS with RtGBM or Fx 1A. RaIgG anti-
RtKS, after absorption with Fx 1A, prevented the
induction of nephritis, although anti-GBM anti-
bodies could still be demonstrated in a linear fashion
along the GBM by immunofluorescence, when rats
were sacrificed four weeks after injection. Absorption
of RaIgG anti-RtKS with RtGBM diminished its
nephritogenic potency, but it was still able to induce
abnormal proteinuria. The kidneys of these rats
showed a diffuse fine granular deposition of RaIgG,
RtIgG, and Rt31C, four weeks after injection (Fig.
4C).
By double immunodiffusion in agar, it was found
that from the eighth day on the rats produced precipi-
tating antibodies to the injected RaIgG. No auto-
antibodies to Fx IA DOC could be detected by this
technique. Morphological examination by light mi-
croscopy showed proliferation of the glomerular en-
dothelium and local splitting of the GBM in the first
week of PH nephritis. Three weeks after the onset of
the nephritis, the endothelial proliferation had de-
creased, and an irregular thickening of the GBM with
local spikes was seen. Electron microscopic studies
showed subepithelial deposits in the GBM with
spike-like protrusions of GBM material into the gb-
merular epithelium, very similar to the membranous
glomerulonephritis seen in active Heymann nephritis
[5].
Transplantation. The proteinuria and the granular
deposition of RaIgG and host 31C globulin clearly
preceded both the appearance of host anti-RaIgG
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Fig. 5. Double immunodiffusion in agar gel of Ra anti-rat RTEa, and
RalgG anti-RIKS antisera show a precipitation line of identity with
rat RTEa, enriched fractions 2 and particularly 3. Peripheral wells:
I Fx 1A DOC fraction 2; 3, Fx lA DOC fraction 3; 5, Fx lA
DOC fraction 4; 2, 4, 6, RalgG anti-RtKS. Central well (A),
Ra anti-rat RTEu.
antibodies in the circulation and the granular deposi-
tion of host IgG in the glomeruli. This suggests a
pathogenesis consisting of two separate consecutive
events. To evaluate the sequence and the nature of
these events, kidneys from normal isologous donors
were transplanted, as a detector organ for circulating
antigen-antibody complexes, into recipients at differ-
ent intervals after i.v. injection of RaIgG anti-RtKS.
The results are presented in Table 3 (groups I and 2).
The mean proteinuria from the isografts was calcu-
lated from 12 urine collections per rat, taken from the
9th to 12th week after transplantation (see Fig. I and
2). During this period the isografts were the only
kidneys present in these rats. At the end of the 12th
week the isografts were removed and studied mor-
phologically. The kidneys transplanted 25 mm after
injection (group 1 a) showed a severe proteinuria with
a strongly positive, exclusively granular fluorescence
for RaIgG and RtIgG. Kidneys transplanted one day
post-injection into unilaterally nephrectomized recip-
ients (group Ib) developed a mild proteinuria and a
weaker granular immunofluorescence of both RaIgG
and RtlgG. Isografts transplanted one day post-in-
jection into bilaterally nephrectomized recipients
(group 2a), however, developed a more severe pro-
teinuria and a very clear granular deposition of both
heterologous and autologous IgG (Fig. 4D). Kidneys
transplanted three days after injection of RaIgG anti-
RtKS showed a slight increase in protein excretion
with trace amounts of RaIgG and RtIgG deposited in
the glomeruli. Renal isografts, transplanted at the
time that nephritis developed (group id) or persisted
(groups le, lf, and 2b) in the autologous kidneys,
remained functionally and morphologically com-
pletely normal.
From the previous experiments it was concluded
that the development of the nephritis depended on
the glomerular deposition of RaIgG in the form of
immune complexes, probably consisting of rat RTE
and rabbit anti-RTE antibodies, during the first three
days after injection. The host antibodies to RaIgG,
found from the eighth day on by immunoprecipita-
tion, could therefore only localize in the glomeruli of
isografts if RaIgG had deposited there previously,
during the first three days postinjection.
It was therefore hypothesized that kidneys re-
moved during the first three to four days post-
injection and transplanted into normal isologous re-
cipients should also develop a nephritis, assuming
that these normal recipients would make sufficient
anti-RalgG antibodies. Six rats were injected with
21.7 mg of RaIgG anti-RtKS (group 3, Table 3).
Three or four days later each of the kidneys from four
of these rats were transplanted into eight normal
isologous recipients (see Fig. 3). The second auto!-
ogous kidney of these animals was removed ten days
after transplantation in order to determine the pro-
teinuria from the isografts. The mean protein excre-
tion two weeks after transplantation was 112 mg per
nine hours (Table 3). Although the proteinuria devel-
oped later in the transplanted rats than it developed
in nephritic controls, its onset coincided with the
appearance of precipitating antibodies to RaIgG in
the transplant recipients. In the nephritic control ani-
mals, these antibodies were already detectable by the
eighth day. RaIgG from non-immunized rabbits was
unable to induce nephritis either in the autologous
kidneys or in the isografts (group 4, Table 3). Injec-
tion of RaIgG (group 4) or isologous transplantation
in itself (group 5) could therefore not account for
any significant proteinuria from the renal isografts.
Fig. 6. Effect of various doses of RaIgG anti-RtKS on the onset and
degree of proteinuria. determined in groups of six rats. (Mean so).
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Table 2. Effect of absorption of RalgG anti—RtKS on
protein uriaa
Day
Unabsorbed
N=4
Rat GBM
N=6
Absorbed with
Rat Fx IA
N=6
I 7.5 + 1.9 7 3.2 2.5 + 0.5
3 8 + 1.7 7 + 2.7 1.5 + 0.5
5 7 + 1.7 6.5+4.0 1 +0.5
7 18±2.7 16 +4.0 2 +1.5
14 46.5 11.7 26 + 2.7 9 + 3.7
21 56 15.0 23 5.6 13 + 3.3
10 mg RalgG anti RtKS per rat. Mean and SD of protein
excretion expressed in mg/9 hr.
Discussion
This study shows that a chronic membranous
glomerulonephritis can be induced in rats by a single
i.v. injection of heterologous antibodies directed
against RTE-antigens of the rat. After a latent period
of about three days, the granular deposition of rat
1C globulin (rat C3) and RalgG coincided with the
onset of proteinuria, followed four days later by the
granular deposition of host IgG. The duration of the
latent period was dose-dependent. Even with high
doses an immediate onset proteinuria as seen in neph-
rotoxic nephritis [15] could not be achieved. With a
dose of 10 mg of RaIgG anti-RtKS, proteinuria
started on the third or fourth day. If kidneys were
transplanted within the latent period, they also sub-
sequently developed nephritis, with a fine granular
deposition of RaIgG, rat IgG, and complement,
which is generally considered a hallmark of immune
complex disease. This suggests that during the latent
period, immune complexes are present in the circula-
tion, which can become deposited either in autol-
ogous or isologous kidneys. These complexes pre-
sumably consist of the injected rabbit anti-rat RTE
antibodies and circulating rat RTE-antigen. It was
established previously that RTE-antigen is present in
the circulation of normal rats [7]. The failure to dem-
onstrate RTE antigen in the deposits may have been
hampered by the inability to dissociate the heterol-
ogous anti-RTE antibodies of high affinity from the
RTE antigens in the deposits. Using a fluorescent
antibody to Fx 1A, it was found by other in-
vestigators [9] in this type of nephritis that tubular
antigen could be demonstrated in the glomerular de-
posits after elution.
We and others [9, 16] have found that several days
elapse before the granular deposition of RaIgG and
rat complement clearly develops. The mechanism,
responsible for the release of RTE by the host, as it
was proposed by Barabas, Nagi, and Lannigan [8],
might give an explanation for this latent jDeriod. They
hypothesized that RTE-antigen is released from the
kidneys due to the binding of anti-RTE antibodies,
which have passed through the GBM into the ultra-
tIltrate, to the brush border of the renal epithelium of
the proximal tubules. This binding could actually be
demonstrated by immunofluorescence (Fig. 4B). Ac-
cording to this theory, RTE-antigen leaks into the
peritubular capillaries, forming immune complexes
with antibodies in the circulation. This view may be
supported by the granular deposition of RaIgG along
the tubular basement membranes (Fig. 4B) as a mani-
festation of immune complex deposition [17].
Approximately one week after the injection of the
rabbit antibodies to rat RTE, precipitating antibodies
are formed by the host against RaIgG. Con-
comitantly, host IgG appears along the glomerular
capillaries in a pattern similar to the earlier deposi-
Table 3. Immunofluorescence and proteinuria from renal isografts
Interval of
injection—
No. of rats transplantation
Proteinuria from
isografts from
9th—l2th weeks
mg/9hr
Immunofluorescence
(I 2 weeks after injection)
Ra lgG Rt lgG
Transplantation of normal kidneys to nephritic recipients:
Group I
a 5 25mm 71±28 ++ ++
b 8 Iday 19±10 + +
c 7 3days 14± 9
d 9 4to6days 10+ 5 — —
e 5 18 to 10 days 7.5 2 — —
f 5 60 to 62 days 13 + 10 — —
Group 2
a 8 lday 50±16 — —
b 6 2lto28days 7.5+ 3 — —
Transplantation of nephritic kidneys into normal recipients:
Group 3 7 3—4 days 112 + 22a ++ ++
Transplantation of normal kidneys in normal recipients:
Group 4 15 25 mm—
l8days 9.5+ 3 — —
GroupS 13 — 11.0± 4 — —
Proteinuria 2 weeks after transplantation.
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tion of RaIgG and rat 1C globulin. By analogy to
the pathogenesis of nephrotoxic nephritis [151, we
postulate that rat antibodies to RaIgG, which were
demonstrated in the circulation by immunoprecipita-
tion, react with its corresponding antigen in the
glomeruli and perpetuate glomerular injury. This an-
tigen was deposited earlier in the GBM in the form of
an immune complex with RTE-antigen during the
first three days of P1-IN.
Several investigators have found independently
that a single i.v. injection of rabbit anti-rat RTE
antibodies can produce chronic proteinuria [8, 9, 18].
Barabas, Nagi, and Lannigan used a mitochondrial
fraction of rat kidneys for the preparation of their
heterologous antisera [8]. Feenstra et al [91 used tryp-
sin-treated kidney cortex prepared according to Shi-
bata et al [19]. Although the rabbit antiserum ob-
tained by Feenstra et al was not tested against the one
used in this study, the immunological specificity in
vilro was very similar. Both antisera fixed to the
brush border of the proximal renal tubules [9] and
gave two precipitation lines against Fx IA DOC
(Feenstra, personal communication). The onset of
proteinuria differed in our study from the observa-
tions made by the other two groups of investigators.
They observed proteinuria after ten days [9] or even
longer [8]. The duration of the latent period is in-
fluenced by the dose of anti-RTE antibodies (Fig. 6).
The content of anti-RTE antibodies present in the
lgG preparations used by different investigators may
have been different.
Our observation that isologous kidneys trans-
planted four days or later after the injection of
RaIgG anti-RtKS into nephritic recipients remained
morphologically and functionally normal during the
12 weeks that they were present in heavily proteinuric
recipients excludes two pathogenetic mechanisms,
which may explain our observations. First, if the per-
sistent proteinuria was due to a termination of toler-
ance for autologous RTE-antigen as has been sug-
gested [8, 20], nephritis should also have developed in
the renal isografts that were transplanted later than
three days postinjection. Although both the binding
of an immunogenic heterologous protein to an auto-
antigen and the removal of the RTE-antigen from the
circulation should favor an auto-immune response,
it did not actually take place. Second, if acute serum
sickness had been the responsible pathogenetic
mechanism, nephritis should have developed in renal
isografts transplanted before or at the time of the
anti-RaIgG response (group Id). The failure to in-
duce acute serum sickness in rats that received nor-
mal RaIgG (group 4) confirms that at this dose the
injected RaIgG, most likely, in the form of immune
complexes, is eliminated by another route than the
vasculature of the glomeruli. Furthermore, serum
sickness nephritis should not develop in the absence
of circulating RaIgG. When kidneys were removed
three to four days postinjection from nephritic do-
nors and transplanted into normal recipients (group
3), these isografts still developed nephritis in a recip-
ient without RalgG in its circulation. We therefore
favor the view that PHN has a pathogenesis very
similar to nephrotoxic nephritis [15]. In PHN, how-
ever, the antigen involved in the first or heterologous
phase is not a natural constituent of the GBM but a
"planted" RTE-antigen, which has deposited there in
the form of an immune complex with the heterol-
ogous anti-RTE antibodies. It was shown by others
[9] that 48 hr after injection of anti-RTE anti-bodies
small deposits can be found ultrastructurally in the
slit pores of the GBM. The production of host anti-
bodies against RaIgG is required for the develop-
ment of the autologous phase, since it was shown by
Hoedemaeker that rats rendered tolerant for RaIgG
could not develop an autologous phase [20]. The
increased permeability of the GBM induced during
the heterologous phase promotes the penetration of
the host anti-RaIgG antibodies, which can therefore
hind to the RalgG antigen in the subepithelial depos-
its.
Several investigators [15] in the field of nephro-
toxic nephritis have used kidney sediment for the
production of nephrotoxic serum. This study is a
result of such an attempt. Apparently, the washed rat
kidney sediment contained not only GBM but also
proximal renal tubules which are responsible for the
production of anti-RTE antibodies. The presence of
anti-GBM antibodies in our RaIgG anti-RtKS prep-
aration has unnecessarily complicated this study.
However, the absorption studies showed that they
did not appreciably influence the results. The absence
of a linear deposition of rat f31C globulin despite the
linear fixation of RaIgG strongly suggests that these
antibodies were unable to fix rat complement. This
would explain the absence of an immediate onset of
proteinuria, since it was found by others that non-
complement-fixing duck and rabbit antibodies are
generally incapable of inducing immediate onset of
proteinuria [21]. Another explanation would be that
these antibodies were mainly directed against the col-
lagen-like protein of GBM. It was shown that anti-
bodies directed against this GBM component do not
induce nephritis [22]. The fine granular deposition of
RaIgG and rat IgG in proteinuric renal isografts
excludes the possibility that nephrotoxic (anti-GBM)
antibodies played a major role in our model.
It is generally accepted both in experimental and
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human glomerulonephritis that granular deposition
of immunoglobulins and complement components is
indicative of the presence of antigen-antibody com-
plexes in the circulation. As long as reliable and
sensitive assays for the demonstration of circulating
immune complexes are still being developed, this cor-
relation is hard to prove. This study shows that not
only circulating antigen-antibody complexes but also
free circulating antibody can be responsible for the
perpetuation of chronic proteinuria in immune com-
plex mediated glomerular injury. A similar mecha-
nism was demonstrated by Lambert et al in rabbits
with acute serum sickness [23]. They have shown that
antibodies, injected after all antigen had disappeared
from the circulation, can still bind to antigen depos-
ited in the glomeruli. The present studies imply that
circulating antibodies may react with antigenic sites
associated with glomerular-bound immune com-
plexes and participate in the continuation of renal
injury.
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